Age and sex differences in the effects of the immunosuppressants cyclosporine, sirolimus and everolimus on rat brain metabolism.
Application of the widely used immunosuppressant (ISS) cyclosporine (CsA) is severely limited by a number of serious side-effects such as kidney and neurotoxicity. As we have shown before, CsA exhibits metabolic toxicity in brain-models. The macrolide ISSs sirolimus (SRL) and everolimus (RAD) are capable of modulating these CsA-induced effects. It was our aim to study the age-dependent metabolic changes in the rat brain after ISS-treatment and the possible role of the blood-brain-barrier in modulation of CsA metabolic toxicity. Young and adult rats were treated orally with one ISS alone or in combination with CsA for six days. Metabolic changes were assessed by nuclear magnetic resonance (NMR) spectroscopy of brain extracts as toxicodynamic endpoints. Brain P-glycoprotein (P-gp) and ISS concentrations were determined as pharmacokinetic endpoints. Young rats were more susceptible to CsA-induced inhibition of the Krebs cycle (glutamate: 78% of controls, glutamine: 82%, GABA: 71% in young vs. 85%, 89%, 92% in adult rats). Increased glycolysis after CsA-treatment was sufficient to maintain the energy state at control levels in adult brains, but not in the young rat brains (phosphocreatine: 35%). Tissue concentrations of CsA and SRL within the brain of young rats were three-fold higher, while concentrations of P-gp were three-fold higher in adult rat brains. Our results suggest that age-dependent differences in the blood-brain barrier led to increased ISS brain concentrations and hence inhibition of brain energy metabolism.